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Abstract: As a new type of dietary fiber, resistant starch can control blood sugar and cholesterol levels and improve
intestinal health, and has become a research hotspot in the fields of functional food and crop genetics in recent years. Rice is

an important food crop in China, and breeding rice varieties with high resistant starch is of great significance to improve the
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nutrition and health status of people who depend on rice as their staple food and meet the demand for healthy life in the future.

The content of resistant starch in rice is mainly regulated by a few major starch synthesized genes and many minor genes, and

the allelic combinations of different major genes also have significant effects on the content of resistant starch. At present,

some rice varieties with resistant starch content as high as 10% have been cultivated in production, however, the increase of

resistant starch content is often accompanied by the decrease of rice cooking taste quality, which seriously affects consumers’

willingness to eat. It will be the focus and difficulty of future research to cultivate high resistant starch rice varieties with good

taste. At the same time, breeding multi—functional rice with multiple compound functions (such as high resistant starch, high

anthocyanin or low protein, etc.) is also a direction of resistant starch breeding in the future. Gene editing, gene pyramiding and

other biotechnological breeding methods combined with traditional cross breeding can improve the breeding efficiency of starch

resistant rice varieties. In this paper, the types of resistant starch in rice, the main genes related to biosynthesis pathway and the

progress in breeding of high resistant starch rice were reviewed, and the focus and direction of future research were prospected,

with an aim to provide some references for the breeding and industrialization of high resistant starch rice.

Key words: rice; resistant starch; major gene; allelic combination; cooking and eating quality; multifunctional rice
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Fig. 1 Schematic diagram of different types of resistant starch and their resistance structures
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Fig. 2 Effect of starch synthesis—related genes on
RS types and synthesis
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7 1k 308 ik A/ TR 308 7.9 46.7 FREEA AR BEKAERTTE B
8 WIRPIMC IR 145 NHRILIS/ FORERD 1 5 8.2 / TR BT AR B BT T B
32 ESNARER FEAIR GIAH ALY, %5 2 MR GLZK A i A

[ Ah & T P UE B AR GL Y K A8 & Fb
WA —EHRIBE, 2012 4, HA )| B K%
Matsumoto 25 [S518Bf wx RAF R ‘EM21° Fll ae &
AR CEML6’ Z4ACHRIG MR AR CAMF18’
HORE R BOE TR & 3K 27.8%. 1M} Miura 55 [+
H bel HIZRAEZR ‘EMS557 5 be2b B RAEZ ‘EM10’
238, TR S B ArhUtE E R & i i
KRG R, B 2 S PO E A
149 7K A 4 ek B4 5 B R O 14 1 e 0 (L A A
Bho 2013 4, i [ )AL BB RS & Rl Tlpum—
byeo’ HEATAL2AUEAS, ARAT @ B JE #2828 1A
Goamy2, PUPEVE R & i h 13.7% 50, E Rk
T8 F 98 Ffr (International Rice Research Institute,
IRRI) FIH/KFE SR ‘Kinmaze® 2 fb2#i578
KA ae RAZIK S ‘IR36° 2235153 & &4t
PEJE RS KRB 71K AR, HBuPETE R & k5
8.3% ) 2019 4F, IRRI &KX Zr 4 575 Gl
A B B A ARIE — MEROEARIE 7, i 2021
4, IRRI X R —2e 54K GI KRR AR C A i
fERIDS)  JRFE s SRl AR KR, IR G K&

‘IRRI147° Fl ‘IRRII25° , &M GI{E 45
4 55.0 1 51.1, [RIAF 3RS —HUEBAL G K AG
FES, I IRRTFIFEEEE K R 5T B 0 A1,
FEAIK GI KA i P AT R AE AR N T

4 HEERE

ELEETEA S R S PR R S YIS, &
PUPETE Ry H AR = ELBETE Ry, (EUE RN &
R, SRR R R, ORIRGE HE
AR XA 9 B R Pk e b ok =
FEREEN R, Nk, DA RS R
PUPETEB KA ALY, ARl R & ety & i
B, (RN ELEETE R S SR SIE . B RY
IKFERRL, JEASKRE GFTE BT 0] S XE R . g
A BB & B S HUIEER E R Z A O
A, ATAEERHE

DIRERAAE Dy — P s SR O a2 i 1 T R At
TEZAFIE, WESHMEILR, £FER. v- &
BTWR., RBEA . Sy 2 etk
A Al Ao -0 RERR R SR A B R IR PR IR A



142 I AR Chitp://gdnykx.gdaas.cn )

5§52 %

Rk @ BREAY , AL RIS . ShRERE AL B AR
A Lered R HAT RRER A M AN (s e i 2
Dk, el R PR Ok . EK . B R
SRALKAFENBEMEROK,  REAS 1 25 P g A IR AR /K
RERI R IN(E S s, AMLREIER KR Pl AL I A5
HURFAMI I GAH b B i A B AR KRR (Y T B
FFAig R IR A FE e DR, RSk B KA
I R BT B B MBI ST o) MU S5 A SR T
Jrile Bn, AR B LA U R A
FCOUBERS 25 MREAS . SRR 3 HAT R
MR 25 AR, RS PIRET R T
RGBT R G F A, T FRRA A
HEAMEPUETE SRR R MR sk, A
ORS B PR B AT S, BE ST |
1R AL T 2R A 1Y 22 D RE KRR i A L AR SR AT T
AEF5 1w

FU A2 1) P2 R AR B A s P Bk K
R, T8 i [ i g 4 224> B R R e A 7 B Y
R, I EARNREA S, VIRETUERER
T, P, WERAT AT RE TR &
IRAEEI , ELRETERY G AT SCIEIN | R4 A
REEN | PR SR R A A R AE,
WFFE IR LI ] S HTIEfe R SR m e R, AR
JEUCHLFEATHTIETER 1 5 BB o FE DA S i v
SEGEMRLH . ZRNREGFHRMEE,
G ThMCHBIESE, femitaEser.
BRI T B REA IR 5 R A AR R b 5 5L IR
RIS A AR BERORIT IS 1 2k A2

S 32ik ( References ) :

(1] Skmigg, BetgAe, Xm>s, BORLL, Fatog . iR S & 245 3
I3, 8L, 2022, 44(10): 824-839. DOI: 10.16288/).yc22.22-272.
ZHANG L W, RUAN M H, LIU J L, HE C H, YU J R. Progress on
research and development in diabetes mellitus [J]. Hereditas, 2022,
44(10):824-839. DOL: 10.16288/j.yczz.22-272.

[2] ENGLYST H, WIGGINS H S, CUMMINGS J H. Determination
of the non-starch polysaccharides in plant foods by gas-liquid
chromatography of constituent sugars as alditol acetates [ J] . Analyst,
1982, 107(1272): 307-318. DOI:10.1039/an9820700307.

(3] Xk, BRfb2e, Bk, R, REF, BRs, 66, REE . BRAE
PR B RS A 22 A B B SR R ()] VLR
AbAER 2024,36(10):1-7.D01:10.19386/j.cnki.jxnyxh.2024.10.001.
LIU J, CHEN H Z, ZHU F, ZHOU H Y, XIOPNG X, CHEN Y, HAN

J, LI M M. Breeding of new variety “Wanxiangsimiao” with early

[12]

[13]

maturity, high yield and high quality and its genetic analysis of yield
and quality [J]. Acta Agriculturae Jiangxi, 2024,36(10): 1-7.
DOI:10.19386/j.cnki.jxnyxbh.2024.10.001.

SNELSON M, KELLOW N J, COUGHLAN M T. Modulation of the
gut microbiota by resistant starch as a treatment of chronic kidney
diseases: Evidence of efficacy and mechanistic insights [ J | . Advances
in Nutrition, 2019, 10(2): 303-320. DOI: 10.1093/advances/nmy068.
DRAKE A M, COUGHLAN M T, CHRISTOPHERSEN C T,
SNELSON M. Resistant starch as a dietary intervention to limit
the progression of diabetic kidney disease [J]. Nutrients, 2022,
14(21):4547. DOL: 10.3390/nu14214547.

MEENU M, XU B. A critical review on anti—diabetic and anti-
obesity effects of dietary resistant starch [J]. Critical Reviews
in Food Science and Nutrition, 2019, 59(18): 3019-3031. DOI:
10.1080/10408398.2018.1481360.

LI H,ZHANG L, L1 J, WU Q, QIAN L, HE J, NI Y, KOVATCHEVA-
DATCHARY P, YUAN R, LIU S, SHEN L, ZHANG M, SHENG B,
LI P, KANG K, WU L, FANG Q, LONG X, WANG X, LI Y, YE Y, YE
J, BAO Y, ZHAO Y, XU G, LIU X, PANAGIOTOU G, XU A, JTA W.
Resistant starch intake facilitates weight loss in humans by reshaping
the gut microbiota [J]. Nature Metabolism, 2024, 6(3): 578-597.
DOI: 10.1038/542255-024-00988-y.

GUO J, TAN L, KONG L. Impact of dietary intake of resistant
starch on obesity and associated metabolic profiles in human:
A systematic review of the literature [ J]. Critical Reviews in
Food Science and Nutrition, 2021, 61(5/8): 889-905. DOI:
10.1080/10408398.2020.1747391.

HLLEE, IMIOG, kiR, BORLL, dkabuk, X354 | FAEpitie
FyRFFT LR [T]. 7 7R AR, 2023, 50(11): 1-16. DOI:10.16768/
j-issn.1004-874X.2023.11.001.

MIAO H X, SUN P G, JIN Z Q, JIA C H, ZHANG J B, LIU J H.
Progress of banana resistant starch research [ J]. Guangdong
Agricultural Sciences, 2023, 50(11): 1-16. DOI1:10.16768/
j1ssn.1004-874X.2023.11.001.

R, TR, RIS, BRI, ARIBEIR, RS, T30, KFE
Mo R BOVEVE R S QTL 4288 5@ 01 [T] . VLAl B2,
2021, 49(23): 58-61. DOI:10.15889/j.issn.1002-1302.2021.23.010.
LIN J, ZHANG Y H, ZHANG S B, CHEN H Y, ZHU X M, TANG W
J, FANG X W. Mining and localization of QTL for high resistant starch
content in local rice varieties [ J] . Jiangsu Agricultural Sciences,
2021, 49(23): 58-61. DOI:10.15889/j.issn.1002-1302.2021.23.010.
RAHMAN S, BIRD A, REGINA A, LI Z, RAL J P, MCMAUGH S,
TOPPING D, MORELL M. Resistant starch in cereals : Exploiting
genetic engineering and genetic variation [ J]. Journal of cereal
science, 2007(46): 251-260. DOI:10.1016/j.jcs.2007.05.001.

BERRY C S. Resistant starch: Formation and measurement of starch
that survives exhaustive digestion with amylolytic enzymes during the
determination of dietary fibre [J]. Journal of Cereal Science, 1986,
4(4): 301-314. DOI:10.1016/s0733-5210(86)80034-0.

ZHOU H, WANG L, LIU G, MENG X, JING Y, SHU X, KONG X,
SUN J, YU H, SMITH S M, WU D, LI J. Critical roles of soluble

starch synthase SSllla and granule—bound starch synthase Waxy in



AR

CZEITE TSR AR Ry 0 € L v S R R i 143

[15]

[20]

[23]

synthesizing resistant starch in rice [ J] . Proceedings of the National
Academy of Sciences of the United States of America, 2016, 113(45):
12844-12849. DOL: 10.1073/pnas.1615104113.
SHEN Y, WU D, FOGLIANO V, PELLEGRINI N. Rice varieties with
a high endosperm lipid content have reduced starch digestibility and
increased gamma-oryzanol hioaccessibility [J]. Food Function,
2021, 12(22): 11547-11556. DOI: 10.1039/d1f003039f.
BB, AR, I SC, TG, A, TREAL, EAZE, MYk
P R B R A B KRR UM TE M A OCHE R [T]. ARk
v KRR, 2023, 44(05): 708-717. DOIL:10.7671/j.issn.1001-411X.
202307017.
LUO J R, ZHU Z H, HAO Q W, DING L Y, ZHU H T, ZHANG G
Q, WANG S K, YANG W F. Identification of rice starch resistance—
related genes using single segment substitution lines [ J]. Journal
of South China Agricultural University, 2023, 44(5): 708-717.
DOI:10.7671/j.issn.1001-411X.202307017.
HU P S, ZHAO H J, DUAN Z Y, ZHANG L L, WU D X. Starch
digestibility and the estimated glycemic score of different types of
rice differing in amylose contents [J] . Journal of Cereal Science,
2004(40): 231-237. DOI:10.1016/.jcs.2004.06.001.
LIU J, WU M, LIU C. Cereal endosperms : Development and storage
product accumulation[ J]. Annual Review of Plant Biology, 2022(73):
255-291. DOI:10.1146/ANNUREV-ARPLANT-070221-024405.
JEON J S, RYOO N, HAHN T R, WALIA H, NAKAMURA
Y. Starch biosynthesis in cereal endosperm [J]. Plant
Physiology Biochemistry, 2010, 48(6): 383-392. DOI: 10.1016/
j-plaphy.2010.03.006.
WK S, JEIT, R, A7 1E W, BRE, 508, RO B, XIIE,
IZ e ELBE VE B AR 1 E A BRSR BORH DG G E OC R Y
[J]. "R AR, 2014, 41(20): 5-8. DOI:10.3969/;.issn.1004—
874X.2014.20.002.
FAN Y Y, TANG H, ZHANG L, YANG G T, ZHAO X, WEIL Y N,
JINGY Q,LIUZ, HU Y G. Studies on the relationship between starch
accumulation and related enzyme activities in high straight-chain
amylose rice [1]. Guangdong Agricultural Sciences, 2014, 41(20):5-
8. DOI:10.3969/j.issn.1004-874X.2014.20.002.
YOU H, LIANG C, ZHANG 0, XU H, XU L, CHEN Y, XIANG X.
Variation of resistant starch content in different processing types and
their starch granules properties in rice [ J]. Carbohydrate Polymers,
2022(276):118742-118742. DOL: 10.1016/j.carbpol.2021.118742.
ZHANG C, ZHU J, CHEN S, FAN X, LI Q, LU Y, WANG M, YU H,
YI C, TANG S, GU M, LIU Q. Wx", the ancestral allele of rice Waxy
gene [ J]. Molecular Plant, 2019, 12(8): 1157-1166. DOI: 10.1016/
j-molp.2019.05.011.
ZHANG C, YANG Y, CHEN S, LIU X, ZHU J, ZHOU L, LU Y, LI
Q, FAN X, TANG S, GU M, LIU Q. A rare Waxy allele coordinately
improves rice eating and cooking quality and grain transparency
[J]. Journal of Integrative Plant Biology, 2021(63): 889-901.
DOI:10.1111/jipb.13010.
ZHOU H, XIA D, ZHAO D, L1 Y, LI P, WU B, GAO G, ZHANG Q,
WANG G, XIAO J, LI X, YU S, LIAN X, HE Y. The origin of Wx"

provides new insights into the improvement of grain quality in rice

[25]

[26]

[28]

[29]

[32]

[J]. Journal of Integrative Plant Biology, 2021(63): 878-888.
DOI:10.1111/jipb.13011.
B, TR, AR A, R, SR, SRR, SR, R K
FETIK 3 BBt MR i A2 20 [T ] Al A=W HoR 24z,
2014(1):10-16. DOI:10.3969/j.issn.1674-7968.2014.01.002.
LUO X, HUANG J F, ZHU Y S, XIE H G, WU F X, ZHANG M Q,
ZHANG J F, XIE H A. Genetic analysis of high resistant starch
characteristics for rice variety Gongmi 3(Oryza sativa ssp. indica)[ J].
Journal of Agricultural Biotechnology, 2014(1):10-16. DOI:10.3969/
j-1ssn.1674-7968.2014.01.002.
BAO J, ZHOU X, XU F, HE Q, PARK Y J. Genome-wide association
study of the resistant starch content in rice grains [ J]. Starch-Stirke,
2017, 69(7/8): 1600343. DOI1:10.1002/star.201600343.
CALY, ZHANG W, FU Y, SHAN Z, XU J, WANG P, KONG F, JIN J,
YAN H, GE X, WANG Y, YOU X, CHEN J, LI X, CHEN W, CHEN
X, MA J, TANG X, ZHANG J, BAO Y, JIANG L, WANG H, WAN
J. Dul3 encodes a C,H, zinc—finger protein that regulates Wx" pre—
mRNA splicing and microRNA biogenesis in rice endosperm [ J].
Plant Biotechnology Journal, 2022, 20(7): 1387-1401. DOI: 10.1111/
pbi.13821.
ZHU J, YU W, ZHANG C, ZHU Y, XU J, LI E, GILBERT R G,
LIU Q. New insights into amylose and amylopectin biosynthesis in
rice endosperm [ J]. Carbohydrate Polymers, 2020(230):115656.
DOI:10.1016/j.carbpol.2019.115656.
LI Q, LIU X, ZHANG C, JIANG L, JIANG M, ZHONG M, FAN X, GU
M, LIU Q. Rice soluble starch synthase I: Allelic variation, expression,
function, and interaction with Waxy [J]. Frontiers in Plant Science,
2018(9):1591. DOI:10.3389/fpls.2018.01591.
FUJITA N, YOSHIDA M, ASAKURA N, OHDAN T, MIYAO A,
HIROCHIKA H, NAKAMURA Y. Function and characterization of
starch synthase I using mutants in rice [ J]. Plant Biology, 2006(140):
1070-1084. DOL: 10.1104/PP.105.071845.
RAJA R B, AGASIMANI 8, JAISWAL S, THIRUVENGADAM V,
SABARIAPPAN R, CHIBBAR R N, RAM S G. EcoTILLING by
sequencing reveals polymorphisms in genes encoding starch synthases
that are associated with low glycemic response in rice [ J]. BMC Plant
Biology, 2017, 17(1): 13. DOI: 10.1186/512870-016-0968-0.
ZHAO Q,DU X, HANZ, YE Y, PAN G, ASAD M, ZHOU Q, CHENG
F. Suppression of starch synthase I (SSI) by RNA interference alters
starch biosynthesis and amylopectin chain distribution in rice plants
subjected to high temperature [ J]. The Crop Journal, 2019(7): 573~
586. DOI: 10.1016/.¢j.2019.03.009.
GAO Z,ZENG D, CUI X, ZHOU Y, YAN M, HUANG D, LI J, QIAN Q.
Map—-based cloning of the ALK gene, which controls the gelatinization
temperature of rice [ J]. Science China Life Sciences, 2003, 46(6):
661-668. DOL: 10.1360/03yc0099.
ZHANG G, CHENG Z, ZHANG X, GUO X, SU N, JIANG L, MAO
L, WAN J. Double repression of soluble starch synthase genes SSIla
and SSI/1a in rice (Oryza sativa L..) uncovers interactive effects on the
physicochemical properties of starch [J]. Genome, 2011, 54(6): 448~
459. DOI: 10.1139/g11-010.
MIURA S, CROFTS N, SAITO Y, HOSAKA Y, OITOME N F,



144

IR AR Chitp://gdnykx.gdaas.cn )

5§52 %

[35]

[36]

[40]

[44]

WATANABE T, KUMAMARU T, FUJITA N. Starch synthase lla—
deficient mutant rice line produces endosperm starch with lower
gelatinization temperature than japonica rice cultivars [ J] . Frontiers
in Plant Science, 2018, 9: 645. DOI: 10.3389/fpls.2018.00645.
RYOO N, YU C, PARK C S, BAIKM Y, PARK I M, CHO M H, BHOO
SH, AN G, HAHN T R, JEON J S. Knockout of a starch synthase gene
OsSSIIalFlo5 causes white—core floury endosperm in rice (Oryza
sativa 1) [J]. Plant Cell Reports, 2007, 26(7): 1083-1095. DOI:
10.1007/s00299-007-0309-8.
HUANG L, XIAO Y, ZHAO W, RAO Y, SHEN H, GU Z, FAN X, LI Q.
ZHANG C, LIU Q. Creating high—resistant starch rice by simultaneous
editing of SS3a and SS3b [ J]. Plant Biotechnology Journal, 2023,
22(4):787-789. DOI: 10.1111/pbi.14053.
WANG A, JING Y, CHENG Q, ZHOU H, WANG L, GONG W, KOU
L, LIU G, MENG X, CHEN M, MA H, SHU X, YU H, WU D, L1 J.
Loss of function of SSIITa and SSIIIb coordinately confers high RS
content in cooked rice [ J]. Proceedings of the National Academy
of Sciences of the United States of America, 2023, 120(19):
€2074345176. DOI: 10.1073/pnas.2220622120.
NAKAMURA Y A P U, UTSUMI Y, SAWADA T, AIHARA S,
UTSUMI C, YOSHIDA M, KITAMURA S. Characterization of the
reactions of starch branching enzymes from rice (Oryza sativa)
endosperm [ J|. Plant and Cell Physiology, 2010, (51): 776-794.
DOI: 10.1093/pep/peq035.
YANG R, SUN C, BAI J, LUO Z, SHI B, ZHANG J, YAN W, PIAO
7, HEAZLEWOOD ] L. A putative gene she3-rs for resistant starch
mutated from SBE3 for starch branching enzyme in rice (Oryza
sativa L.)[]]. PLoS One, 2012 (7): €43026. DOI: 10.1371/journal.
pone.0043026.
CHEN Y, LUO L, XU F, XU X, BAO J. Carbohydrate repartitioning
in the rice starch branching enzyme IIb mutant stimulates higher
resistant starch content and lower seed weight revealed by multiomics
analysis [ J]. Journal of Agricultural and Food Chemistry, 2022,
70(31): 9802-9816. DOL: 10.1021/acs.jafc.2c03737.
BAYSAL C, HE W, DRAPAL M, VILLORBINA G, MEDINA V,
CAPELL T, KHUSH G S, ZHU C, FRASER P D, CHRISTOU P.
Inactivation of rice starch branching enzyme I1b triggers broad and
unexpected changes in metabolism by transcriptional reprogramming
[J]. Proceedings of the National Academy of Sciences of the
United States of America, 2020, 117(42): 26503-26512. DOI:
10.1073/pnas.2014860117.
MIURA S, NARITA M, CROFTS N, ITOH Y, HOSAKA Y, OITOME
N F, ABE M, TAKAHASHI R, FUJITA N. Improving agricultural
traits while maintaining high resistant starch content in rice [ J]. Rice,
2022(15):28. DOI: 10.1186/512284-022-00573-5
TOYOTA K, TAMURA M, OHDAN T, NAKAMURA Y. Expression
profiling of starch metabolism-related plastidic translocator genes
in rice [ J]. Planta, 2006, 223(2): 248-257. DOI: 10.1007/500425~
005-0128-5.
FRHERS, LA . R AR IR FLRE A A MO SC g RO 4544 . DIRE Je L h.
PR HER [1]. hEUKARRR, 2017, 31(1): 1-12. DOI:10.16819/
j.1001-7216.2017.6132.

[46]

[47]

[50]

[51]

[52]

[53]

CHEN Y L, BAO J S. Studies on the relationship between starch
accumulation and related enzyme activities in high straight—chain
amylose rice [ J]. Chinese Journal of Rice Science, 2017, 31(1): 1-12.
DOI:10.16819/).1001-7216.2017.6132.
FUJITA N, MIURA S, CROFTS N. Effects of various allelic
combinations of starch biosynthetic genes on the properties of
endosperm starch in rice [J]. Rice , 2022, 15(1): 24. DOI: 10.1186/
512284-022-00570-38.
TSUIKI K, FUJISAWA H, ITOH A, SATO M, FUJITA N. Alterations
of starch structure lead to increased resistant starch of steamed rice:
Identification of high resistant starch rice lines [J]. Journal of
Cereal Science, 2016, 68: 88-92. DOI:10.1016/j.jcs.2016.01.002.
ITOH Y, CROFTS N, ABE M, HOSAKA Y, FUJITA N.
Characterization of the endosperm starch and the pleiotropic effects
of biosynthetic enzymes on their properties in novel mutant rice lines
with high resistant starch and amylose content [ J]. Plant Science,
2017, 258: 52-60. DO1:10.1016/j.plantsci.2017.02.002.
LUO J, BUTARDO V J, YANG Q, KONIK-ROSE C, COLGRAVE
M L, MILLAR A, JOBLING S A, LI Z. The impact of the indica
rice SSIla allele on the apparent high amylose starch from rice grain
with downregulated japonica SBEIIb [ J]. Theoretical and Applied
Genetics, 2020, 133(10): 2961-2974. DOI: 10.1007/s00122-020—
03649-2.
XL, OB, BRak W, S50, WRFo, BRal, 255% 5, Bk
VT DIREVE KRR Tt S AT SR (1], TR AR, 2021,
48(10): 87-99. DOI:10.16768/j.issn.1004-874X.2021.10.010.
LIU C G, ZHOU X Q, CHEN D G, GUO J, CHEN P L, CHEN K, LI
Y X, CHEN Y D. Progress and prospects of functional rice research.
[J]. Guangdong Agricultural Sciences, 2021, 48(10): 87-99.
DOI:10.16768/j.issn.1004-874X.2021.10.010.
PR, M4, WIE, MELISSA F, LESLIE T, ROFERO S, BI$5HA .
IKAEPUIEVE R I 7E TV VE R 25 K 0 LURERIF 5 [T] . eP Il kA
2%, 2006, 20(6):645-648. DOI:10.3321/j.issn.1001-7216.2006.
06.014.
JIAO G A, TANG S Q, L J, MELISSA F, LESLIE T ROFERO S,
HU P S. Comparative study on resistant starch structure of resistant
starch enriched rice mutants [ J . Chinese Journal of Rice Science,
2006.20(6):645-648. DOI:10.3321/j.issn.1001-7216.2006.06.014.
KT, DM, REIEE R, IROTRE, &R/, SRBUR S ER &R
B DRI L HPRERG A e B B AR e ()] AR, 2011, 17(6):
63-65. DOI:10.3969/j.issn.1006-8082.2011.06.019.
ZHANG N, SUN J, XIONG H Z, XU K S, SHU X L, WU D X.
Breeding and characteristics of japonica rice with high resistant
starch content for diabetes mellitus [ J]. China Rice, 2011,17(6):63—
65. DOI:10.3969/j.issn.1006-8082.2011.06.019.
7, B . AR dE A T B FE R [N, sm R,
2014-07-08.
WU P, MA W. Yunnan has bred the world’s first hypoglycemic rice N |
Yunnan Science and Technology Journal, 2014-07-08.
Mok d5, AMEE, DT, R, SRIRAR, FURTE . i hrEE
AKAEHAD DOWERS 2 5 (e F SRR [T Rk,
2020,26(1):94-95, 99. DOI:10.3969/.issn.1006-8082.2020.01.023.



AR

CZEITE TSR AR Ry 0 € L v S R R i 145

[55]

[57]

YANGRF,PUZZ, WAN CZ, LI G X, GONG C C, BALJ J. Breeding
and characteristics of new rice variety ‘Youtangdao 2’ with high
resistant starch [ J|. China Rice, 2020,26(1):94-95, 99. DOI:10.3969/
j.1ssn.1006-8082.2020.01.023.
WIS, ARV, JIH I, WEI5E, SRKE, AN . S b
SRR R UORERG 3 5 pikE ()], BRI, 2022,
38(2):6-9. DOI1:10.15955/}.issn1000-3924.2022.02.02.
YANG R F, BAL J J, WAN C Z, TANG ] H, GONG C C, PU Z Z.
Breeding of new rice variety ‘Youtangdao 3’ with high resistant starch
[J]. Acta Agriculture Shanghai, 2022, 38(2):6-9. DOI:10.15955/
j-issn1000-3924.2022.02.02.
MATSUMOTO K, MAEKAWA M, NAKAYA M, TAKEMITSU H,
SATOH H, KITAMURA S. Wx/ae double—mutant brown rice prevents
the rise in plasma lipid and glucose levels in mice [ J]. Bioscience,
Biotechnology, and Biochemistry, 2012, 76(11): 2112-2117. DOI:
10.1271/bbb.120501.
FekEZ, SR, WE, BPmine, WIETAS . B VE R R R AA
Goamy2 WITERBIALRAE M FER 5K 70 [T ] PIEDK R )27,
2010, 24(1): 81-86. DOI:10.3969/}.issn.1001-7216.2010.01.14.
JIAO G A, TANG S Q, LUO J, SHAO G N, HU P S. Starch pasting
properties and structure of a high amylose rice mutant Goamy2 [J].
Chinese Journal of Rice Science, 2010, 24(1): 81-86. DOI:10.3969/
j-issn.1001-7216.2010.01.14.
ANACLETO R, BADONI S, PARWEEN S, BUTARDO V J, MISRA
G, CUEVAS R P, KUHLMANN M, TRINIDAD T P, MALLILLIN
A C, ACUIN C, BIRD A R, MORELL M K, SREENIVASULU N.
Integrating a genome-wide association study with a large—scale
transcriptome analysis to predict genetic regions influencing the
glycaemic index and texture in rice [J]. Plant Biotechnology

Journal, 2019, 17(7): 1261-1275. DOI: 10.1111/pbi.13051.

[58]

[60]

SELVARAJ R, SINGH A K, SINGH V K, ABBAI R, HABDE S V,

SINGH U M, KUMAR A. Superior haplotypes towards development of

low glycemic index rice with preferred grain and cooking quality [J].

Scientific Reports, 2021, 11(1): 10082. DOI: 10.1038/s41598-021-

87964-8.

BARSIT, SHRAL . THRERRB ST AR B (] . P DK R,

2021, 35(4): 311-325. DOI:10.16819/j.1001-7216.2021.201106.

HU S K, HU P S. 2021. Research progress and prospect of functional

rice [J]. Chinese Journal of Rice Science, 2021, 35(4):311-325.

DOI:10.16819/;.1001-7216.2021.201106.

fap 2, AL, # 5, MR . D RERE F A BE R S5 R OT R
[J]. #RARE R, 2004, 22(4): 41-44. DOT:10.3969/.issn.1008—

9799.2004.04.021.

HE Q. LU L B, JIANG J H, YE X F. Progress of functional rice

breeding and product development [J]. Fujian Science and
Technology of Rice and Wheat, 2004, 22(4):41-44. DOI:10.3969/

j-1ssn.1008-9799.2004.04.021.

KWL, 200, HEfE, KRR, B RS, O E . RRROAS T ik

[J]. HEFmIY , 2023(1): 15-21. DOI:10.3969/j.issn.1671-895X.2023.

01.005.

DU M, LI Q L, KANG Y H, ZHENG G L, ZHAO Y J, FANG Y.
Research progress of special rice [J]. China Seed Industry, 2023(1):
15-21. DOI:10.3969/j.issn.1671-895X.2023.01.005.

HORHE . FEFI I RERGT ST LA (1] ez iz, 2007(18):
135-138. DOI:10.3969/}.issn.1007-7731.2007.18.070.

DONG Z T. Review on research progress of special functional rice
[J]. Anhui Agricultural Science Bulletin, 2007(18): 135-138.
DOI:10.3969/}.issn.1007-7731.2007.18.070.

[ e k]



